EDGARv4 geographical data
All countries of the world are taken up in the EDGAR database, except South and North Sudan (grouped together), Liechtenstein (grouped with Switzerland), Monaco (grouped with France), Andorra (grouped with Spain) and Vatican/San Marino (grouped with Italy). The countries are clearly defined with names recognized by the European Commission and present each a Party for the UNFCCC. All countries can be uniquely allocated to 5 one of the three groups that were present at the creation of the UNFCCC: the 24 countries of the OECD in 1990, the 16 countries with Economies in Transition (EIT) (both form the Annex I countries of 1992) and the rest are the non-Annex I countries. Detailed information is not for each country available in the global database and neighbouring countries are assumed to show e.g. similar technologies. As such 24 geographical groups of countries have been defined and are used for e.g. the allocation of the type of vehicles. These 24 groups are also 10 used in IPCC AR6 scenarios run with the IMAGE land-use model. Finally, for the temporal distribution, only three groups of countries are considered, depending on the temperate zone they are located: northern zone, equator and southern zone. All these characteristics of the countries are summarized in Table S1 . 
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EDGARv4 human activities
The sector-specific structure of the EDGAR database consists of 26 main sectors (characterized with the first three letter codes), which are further subdivided in subsectors, depending on the type of technology (see Table   S3 ). In addition EDGARv4 uses the same fuel types as IEA and the same livestock and crop types as FAO. The 5 fuel types are for the sake of clarity presented in Table S2 following the main categories of IPCC (2006) guidelines. 1990, 1995, 2000, 2005, 2010 and projected to 2015. In-house proxy datasets are developed by dividing the total population into rural and urban.
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These data are applied in order to cover the country area and population and take into account the fraction of country data in cells with an intersection of the country's borders. Because of the incompleteness of the list of cement factories (in particular also those with smaller throughput), the country total is not fully distributed over the single reported point sources. Instead annual emission estimates per facility were applied. The difference between the total of the facility emissions and the country total of the given sector is distributed using urban population data. Gas flaring activities are distributed on NOAA's nighttime light data (Elvidge et al., 2009) Each of the EDGAR human activities (at subsector level) is uniquely coupled to one temporal profile and one spatial distribution profile. The temporal profiles are given in Table S4a and the spatial profiles in Table S4b .
These profiles have been collected, reviewed with our QA/QC procedure and refined over many years. The largest variation is found in the temporal profiles from Asman (1992) for the agricultural sector (Fig. S2a) . A 30 smaller modulation in emissions from residential heating is seen in the temporal profiles of Friedrich and Reis (2004) , while the modulation of the power generation sector is from Veldt (1992) , both updated by Thiruchitampalam (2012) . For the monthly distribution of shipping emissions, the profile of Wang et al. (2008) is applied while aviation is distributed with the temporal profile of the AERO2K project of Eyers et al. (2004) .
Therefore the underlying source of information is given at our best knowledge with the reference in the tables 35 which are a mix of data sources with hyperlinks and literature references. Friedrich (2000) Residential gaseous fuel use based on GENEMIS and LOTOS Lenhart & Friedrich (1995) solid fuel use based on GENEMIS Lenhart & Friedrich (1995) 
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In-house EDGAR proxy based on KNB data repository Halpern et al. (2015) Rural population, urban population
In-house EDGAR proxy based on CIESIN GWPv3 population and settlements map (5 year timesteps from 1990 onwards) http://sedac.ciesin.columbia.edu/ (rural pop.= total pop. -urban pop.)
CIESIN (2011)
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In-house EDGAR proxy CIESIN (2011) The distribution of the country totals for a given sector over the different grid cells of the country occurs, where needed, with technology-specific and timedependent proxy data f ij (in formula (2)):
• For road transport, technology-dependence is highly important, to reflect the traffic of passenger cars The largest improvement of the gridmaps is due to the significant update of the proxy data (see Table S4 ) to localise better the non-diffusive emissions. The importance of point and line source data has been also confirmed by Oda et al. (2018) , which calls for further observation-based verification. Thiruchitampalam, 2012) but also in the USA with sufficient weight the city connections (contrary to v4.2 as observed by Gately et al., 2017) . The new proxy data also works on a different road pattern for
China and other developing regions, where road density and urban areas have a completely different pattern from the ones of industrialized countries.
• The power plants proxy from CARMA v3.0 yield a better and more appropriate representation of the 15 power and heat generation activity, of which we did not only update the large power plant locations splitup by fuel type (coal, oil, gas) but we now included also the autoproducers and small scale electricity and heat production plants. In addition, the QA/QC procedures do not only check the completeness of the proxies but also the plausibility of the values for plant facilities with their capacity.
• Improvement of the spatial distribution of the fossil fuel production emissions in EDGARv4.2 was 20
shown to be necessary for USA by and for China by Saunois et al. (2017) and addressed accordingly by extending the dataset with extra point sources for the extraction and mining sites. 
TNR_ Aviation Aviation
In-house EDGAR proxy with distinction between take-off/landing, climb-out/descend, cruise, supersonic based on AERO2K dataset (Eyers et al. 2004) In-house EDGAR proxy with distinction between take-off/landing, climb-out/descend, cruise, supersonic based on Airline Route Mapper (http://arm.64hosts.com/) TNR_ Ship Shipping EDGAR proxy based on Wang et al. (2008) In-house EDGAR proxy based on Wang et al. (2008) improved with LRIT information (Trombetti, 2017) In addition to the GHG trends for the three major regions in Fig. 4 , the figures S4a, S4b and S4c present the three GHG separately for the same regions and countries: (i) non-Annex I countries with China, India, Brazil and Rest of non-Annex I countries, (ii) 24OECD90 countries with USA, EU15 and the remaining 8 OECD countries of 5 1990, (iii) 16EIT90 countries with Russia, EU13 and the remaining 2 newly independent Eurasian states. While Fig. S4a shows a similar trend as Fig. 4 , this is not the case for Fig. S4b and S4c, where e.g. non-Annex I countries with significant agricultural activities and relative large uncertainties are important. (from the combustion of fossil fuel) and respectively the short-cycle carbon CO 2 (from combustion of biofuel 5 such as wood, wood waste, vegetal waste, dung, which are important for e.g. India). While the combustion of fossil fuel increased in Asia (India and China) considerably, the consumption of biofuel in the residential sector is partially decreasing, particularly in highly populated areas. Figures S5c and S5d present the transport sector for the long-cycle carbon CO 2 (mainly from combustion of diesel, petrol, gas) and the short-cycle carbon CO 2 respectively (from combustion of biodiesel and biogasoline). The trend of increasing fuel consumption for road 10 transport is almost globally strongly present for the fossil fuel, while the biofuel consumption in road transport remains limited so far (except for Brasil). 
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The sensitivity of the spatial distribution in the gridmaps is not negligible and subject to investigation in the H2020 project CHE. However, the atmospheric modeling community has been using EDGARv4, as shown in Table S5 and feedback has been taken up in the v4.3.2 version.
10 Table S5 -Non-exhaustive list of examples of EDGARv4 uptake by the atmospheric modeling community. 
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